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(54) ^clrose+fbnning , seif-solvating absorbable polyester copolymers, and methods for use 
therefor 

(57) The present invention provides novel hyorogol- 
forming. setf-sotatirig. absorbable polyester copoly- 
mers capable of selective, segmental association into 
conpfiant hydrogels upon contacting aqueous environ- 
ment Pharmaceutic* formulations comprising the 
novel polyester copolymers of the invention are also dis- 
posed which provide a protective barrier to prevent 
post-surgrcal adhesion, can be used to treat of defects 

in condurts such as blood vessels, and for controlled 5 — 

release of a biologically active agent for modulating cef- 
Itiar events such as wound healing and tissue regener- 
ation or therapeutic treatment of diseases such as 
infection of the periodontium, dry socket bone, skin, 
vaginal and hail orfeetSorisL 
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r^J^^TJ^ 90aera " y to biomWicaJ an°Vcr pharmaceutical applications of absorbable or biodeg/adaWe 

Sr^^^T 6 *, "S** 8C9mental aSSOdatol ** "Pon coring an equeow 

S^rJlL^r 3,50 m9th ° d6 ° f ^ * 9 P 0 **" of the motion J hurr*£S 

^^^Tl^^^^^ "» eSiQn - 8 °' *»■ «* » **« tissue, treatment* 
cherts <n condurts such as Wood vessels, and controlled release of a bwlogteally active agent for modulating cellular 

fodontum. dry socket, bone. skin, vaginal, and nail infections. 

BACKGROUND OF THE INVENTION 

btJ/ S^-TS ^ ^ S0VenB (SUCh 35 ra P* sw«"ing without discernible disso- 

li«on and mamm trree^mensonaJ networks capable of reversible deformation (Park, et al. Biodegradable hX 

^^T^m.' * ^ NetWWte (Baum9artnef - A & Picot CE • Spririg-Verlag, 

Covaiently croeslinked networks of hydrophilic porymers. including water-soluble polymers are traditionally denoted 
chains of methoty ^ethylene glycol) monomethacrylate having variable lengths of the polyoxyethyiene sidTchains 
tenals (Shabby . S. W. et al.. Eds.). Plenum Press. 1983. p. 381). A number of aqueous hydrogefe (aquageis) have been 

f'L^^.™ * e preparat,on 01 mese hyoYogels. and their conversion to useful articles, are subject 

u£ S^f - * he na,Ur8 01 ,h6if threMSme ' isi °^ 1 thermosetting structures, hence, deprive the 

30 rrSeriair ^ Passing techniques employed in the production of non<rosslinked thermoplastic 

a ^ 9 ,w "wchanicai strength of the hydrated networks, led a number of investigators to explore the con- 
cept of comb.n,ng hydrophilic and hydrophobic polymeric components in block (Okano, et al.. J. Biomed Mat 

ftlTSU * Tt2 9 V}' L 9 ?l C ° POl) T i f T*"** « al " " Comemporary Topics in Polymer Science 
(W.a Bailey 4 T. Tsuruta. Eds.). Plenum Publ. Co.. New York 1984. p 149). and blends (Shah; Polymer 28 1212 
^987; and US. Pat No. 4.369.229) to form the -hvoYocOTCtfc-rrydrcphilic- domain systems, which are suited for ther- 
rnoplasuc prccessmg (Shah. Chap. 30. in Water Soluble Polymers (S W. Shalaby. et al.. Eos.). Vol 467 ACS-Svrno 
2^^Ti hem - 800 - WaSrt " 9ton ' 1991) The ^rophocK^drophiiK:- domain system (HMDS) undergoes mor- 
^ e associated with the hydration of the hydrophilic domains and formation of pseudo- 
wo«l^«iyii fl j i tM i u U UUJI , |MMMU(MwaWl ( a ^ 1991 dtedabove) . Such mo rpho l ugj „ uu tum^J a eU - 
to ^ rwponable for the enhanced biocompatibility and superior mechanical strength of the two-phase HHDS as com- 
^1 ^t^ST^^ ^^ i]c rt*™**- T** ol gel famaton in the present invention 

t^™ ^2 T991 ' ° ,ed ^ no ^ absort »«° Of l.ytircphil.C-hydrophobic doman sys- 

r^ei -A" in^Z^' J, r 9 " 0 ^ ^ be,wecn me «*°<y™*s of th 8 pr^serrt invention, and more partly Com- 
I'. " ,n ^ resard ' Com P° n « m A * tas*! 0" a water-soluble and water-insoiuble block structure 
[ ™ZJ]* S> * notamerB P"^ 1 ' 03 ' o< polymers as are the blends described by Shah. 1991 cited above 

T^Hi^ 10 PreS€nCe ^ link5 betwefi " the Woete of SIBS. the resulting hydrogel displays higher 

e^o^ comp.,ance and tensils length while being absorbable to fact the S.BS systemslreMnTome^i H 
o^^^e^e gets (Shabby, in Water-Soluble Polymers. (Shalaby. S.W.. et*. Eds ). Vol. 467Tchaci 33 
it^rt L * Ch * ffl - ^ ^ Wash,nston - DC - 1991a) in displaying a hydration^ehydration equilibrium govern- 
"^e system transformaton. i.e.. the geMiquid equilibrium is driven by the water content of the SIBS. ThwT n the 
£5ZL Wocte undef 9° imermolecuiar segmental mixing with the neighboring hydropho- " 

,1^1 Pf0dUCe 8 ViSCOUS ,iquid ,n 916 P"**™ °< ««ter. competition between the water as an extn^sofvent 
Sr^K^f * 9 P ° )yOXyalky(en9 ( P0A > Wock fe «^ *° hydraoon of the POA, and aggregation orasS 
c«t.or, of the polyester ttocte to establish pseuJo-crosslinte wr^ch mai^n a SKlimemior^ integrrty gel forma- 

Zl**T Pjf^f ,n f" 8 * ,eous environment, the POA block will preferentially migrate to the exterior of the gel and 

^^'^!lf^ 3Cy - ^ tef example - ^ and dry wcket applications, post-surgical adhesion pe^Z 

^^rearnertrt^^ and bone infections, and other applications where predictable site residence of the gel 
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Synthesis and biomedical and pharmaceutical applications of absorbable or biodegradable hydrogete based on 
covaiently cross-linked networks cornprising polypeptide or polyester components as the enzymaticaliy or hyrfrolyticaiy 
labile components, respectively, have been described by a number of researchers (Jarrett. et al.. Trans, Soc. Biomater 
Vol. XVIII, 182. 1995; P&thak. et at. Maaonwiecufes, 26. 581. 1993; Park, et al.. Biodegradable Hydrogels tor Drug 
s Delivery, Technomic finishing Ca. Lancaster, PA, 1993; Park. Biomaieriate, 9, 435. 1988; and W. Shalaby, et. al., 
1992. cited elsewhere herein). The hydrogels most often cited in the literature are those made of water-soluble poly- 
mers, such as polyvinyl pynofidone. which have been crossfotked with naturally derived biodegradable components 
such as those based on albumin (Park, et al., 1993. cited elsewhere herein; and W. Shalaby, et at, 1992, cited else- 
where herein). Totally synthetic hydrogels which have been studied for controlled drug release and membranes tor the 
to treatment of post-surgical adhesion are based on covaJent networks formed by the addition polymerisation of acrytic- 
terminated, water-soluble chains of polyether tf-pofytactide block copolymers (Jarretr. et al.. 1995, cited elsewhere 
herein; and Pathak, et al.. 1993. cited elsewhere herein). 

Polymer solutions which undergo reversible gelation by heating or cooling about certain temperatures (lower critical 
solution temperature, LCST) are known as thermoreversfole gels. Theoretical and practical aspects of key forms of ther- 
15 nweversibte gets are described by Shalaby, 1991a, cited elsewhere herein. Among the therrrweverstte gets dis- 
cussed by Shalaby are those of amorphous N-substituted acryiamides in water and amorphous polystyrene and 
crystalfine poiy(4-me!hyj pemene) in organic solvents. Prevailing gel formation mechanisms include molecular cluster- 
ing of amorphous polymers and selective crystallization of mixed phases of crystalline materials. Thermodynamic 
parameters (enthalpy and entropy) which favor gel formation in terms of LCST are discussed by Shalaby only with 
20 respect to the solvent-polymer interaction. Shalaby fails, however, to adres* self solvating chains. 

U.S. Patent Na. 4,91 1 ,926, discloses aqueous and non-aqueous compositions comprised of block poryoxyalkylene 
copolymers that form gels in the biologic environment for preventing post-surgical adhesion. Other gel forming compo- 
sitions for use in preventing post-surgical adhesion induce: (a) chitin derivatives (US- Pat No., 5.093.319); (b) aqueous 
solutions of xanthan gum (US. Pat No, , 4,994,277); (c) chitosan-coaguium (US. Pat Na , 4.532. 134); and (d) 
2s hyaluronic acid (U.S. Pat Na. 4.1 41 .973). 

Absorbable polymers, or often referred to as biodegradable polymers, have been used clinically in sutures and 
allied surgical augmentation devices to eliminate the need for a second surgical procedure to remove functionally equiv- 
aJent non-absorbaWe devices (US. Pat No., 3.991.766. to Schmitt et al.; and Shalaby. in Encyclopedia of Pharmaceu- 
tical Technology (I.C. Boylan & J. Swarbrick. Eds.). Vol. 1, Oekker, New York, 1988. p. 465). Although these devices 
30 were designed for repairing soft tissues, interest in using such transient systems, with or without biologically active com- 
ponents, in dental and orthopedic applications has grown significantly over the past few years. Such applications are 
disclosed in Bhatia. et. al.. J. Biomater. Set, Polym. Ed.. 6(5), 435. 1994; US. Pat No.. 5.198,220, to Damanr. U.S. Pat. 
Na, 5.198.220, to Wassermaa et at.; and U.S. Pat Na. 3,991,768. to Schmitt et at 

U.S. Patent No., 3,991.766. to Schmitt et al., discloses absorbable articles made of polyglycolide acid, such as 
35 sutures, clips and storage pallets having medicaments incorporated therein and can be used tor both their own 

mechanical properties and delayed release systems of medicaments. U. S. Patent Na . 5. 1 71 , 1 48. to Wasserrran et al. . 

discloses the use of absorbable polymers made from p-dioxanone or Nacttie and glycolide as dental inserts for the 
treatment of periodontal disease. Here, a semiporous mesh material with sealed edges is emplaced between the tooth 
and gingiva. The implant is attached to the tooth by an absorbable ligature material. U.S. Pat. No. , 5, 1 98,220. to Dam- 
40 ani . discloses the treatment of periodontal disease through the use of a sustained release composfconWevice compris- 
ing bioactive agents. The composition/device is in a liquid, semi-solid or solid form suitable for insertion into or around 
the periodontal pocket Damani also teaches the formation of a gel, or paste, composition consisting of poryflactyf- 
coglycoikJe) in an acceptable solvent (such as propylene carbonate), with or without propylene and/or polyethylene gly- 
col, and an antibiotic agent such as tetracycline hyo*ocMor?de. 
«* Other in-shu forming biodegradable implants and methods of forming them are described in US. Pat Nos.. 
5,278.20 1 C201 Patent) and 5,077.049 f 049 Patent), to Dunn et al. The Ounn et al.. patents disclose methods for assist- 
ing the restoration of periodontal tissue in a periodontal pocket and for retarding migration of epithelial cells along the 
root surface of a booth. The '043 Patent tfsctoses methods which involve placement of an invito forming biodegradable 
barrier adjacent to the surface of the tooth. The barrier is microporous and includes pores of defined size and can 
so include biologically active agents. The barrier formation is achieved by placing a iiquki solution of a biodegradable pol- 
ymer, such as poly(dl-lactide-co^iycofide) water-coaguiatabie. thermoplastic in a water miscible, non-toxic organic sol- 
vent such as N -methyl pyrrol idone (i.e.. to achieve a typical polymer concentration of s50%) into the periodontal pocket. 
The organic solvent dssipates into the periodontal fluids and the biodegradable, water coagulatabte polymer forms an 
in-situ solid biodegradable implant The dissipation of solvent creates pores within the sotid biodegradable implant to " " 
» promote cefl ingrowtft The B59 Patent likewise discloses methods for the same indications involving the formation of 
the biodegradable barrier from a liquid mixture of a biodegradable, curable thermosetting prepoiymer , curing agent and 
water-soluble material such as salt sugar, and water-soluble polymer. The curable thermosetting prepoiymer is 
described as an acryfc-ester terminated absorbable polymer. 
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^ 1 ^L^T* 35 WC1) 35 US " P8,ent Na - 4 ' m763 to Dunn B,aJ - P°*V™ cwposrfcns pri- 

marily ^conssting absorbable ttwrmopfcistk: or thermosetting poryrrw dissolved in organic solve*. These composi- 
lions are descnbed to produce in an 3^ 

al. . Trans. Sot Biornater.. VoL XVII. 884. 1994) substrate far tissue generation (Dunn. et. al.. Poly. Prepr 35«3 437 
1994a) or caner for the controlled delivery ofdrugs (Sherman, et al.. Pharm. Res.. 1 1(105*18. 1994) Acr/faftwend- 
capped poly(capra(actone) prepolymer wasaJso used as a branched precursor for the in-situ formation of a crossfinked 
system for potential use in controlled drug release (Moore, et al. . Trans. Soc Biomater.. Vbl. XVIII. 186. 1995). 

A number of controlled delivery systems lor the treatment of periodontal disease are also descnbed in the literature 
For example. U.S. Patent No. 4,919.939, to Baker, discloses a controlled release delivery system far placement in the 
periodontal P 01 ** 1 - Vngi^ai sulcus, tooth socket, wound or other cavity within the mouth. The system incorporates 
rrncropanxies in fluid medium and is effective in the environment of use for up to 30 days. The drug, in 10-50 micron 
polymer particles, is released at a controlled rate by a combination of diffusion of the drug through the polymer and ero- 
sion of the polymer. 

US. Patent No., 5.135.752 . to Snipes, discloses a buccal dosage form, which melts in the oral cavity, yet will not 
spontaneously deform at higher temperatures encountered in shipment and storage. This composition comprises two 
grades of polyethylene glycol, polyethylene oxide, long-chain saturated tatty acid, and coloidal silica. 

US. Patent Na. 5.366.733. to Brizzolars et al.. tfsctoses an oral composition for the oral adnwisvation of a thera- 
peutic agent to a periodontal pocket comprising at least one therapeutic agent dispersed in a matrix including a bioccm- 
pafable and/or biodegradable polymer. The composition is administered as a plurality of dry discrete microparticles said 
so rrncropartcles are prepared by a phase separation process. An oral composition is also described wherein the polymer 
comprises a Woe* copolymer of polygf ycolide. trimethylene carbonate and polyethylene oxide. Apparatus and methods 
are also provided for dispensing the dry rrtcropartcles to the periodontal pocket, whereby they become tacky and 
adhere to the involved tissue so as to induce long-term therapeutic effects. 

In addition, a number of systems tor the controlled delivery of biologically active compounds to a variety of sites are 
» disclosed in the literature. For Example. US. Patent No.. 5.01 1.692. to Fujiota et al.. discloses a sustained putsewise 
release pharmaceutical preparation which comprisesdrug<ontarning polymeric material layers. The polymeric material 
tayers contain the drug only in a slight amount or free of the drug. The entire surface extends in a direction perpendic- 
ular to the layer plane and is coated with a polymeric material which is insoluble in water. These types of pulsewise- 
retease pharmaceutical dosages are suitable far embedding beneath the skin 

US. Patent Na 5.366.756. to Chesterfield et al.. describes a method for preparing porous bioabsorbable surgical 
implant matenate. The method comprises providing a quantity of particles of bioabsorbable implant material and coat- 
ing parades of bioabsorbable implant material with at least one growth factor. The implant can also contain antimiero. 
Dial agents. 

US. Patent No.. 5.385.738. to Vamahira et aL. discloses a sustained-release injection system, comprising a sus- 
pension of a powder comprised of an active ingredient and a pharmaceuticaily acceptable biodegradable carrier (e.g 
proteins, polysaceharides. and synthetic high molecular weight compounds, preferably collagen, ateto collagen gelatin 
and a mature thereof) in a viscous solvent (e.g.. vegetable oils, polyethylene glycol, propylene glycol, silicone oil and 
medium-Chan fatty acid triglycerides) for injection. The active ingredient in the pliarmaceutical formulation is incorpo- 
rated into the biodegradable earner in the following state: (i) the active ingredient is chemically bound to the earner 
matrix: (8) the active ingredient is bound to the carrier matrix by intermolecular action: or (Hi) the active ingredient is 
physically embraced within the carrier matrix 

Furthermore^a common complication which is encountered by many surgeons following tooth extraction is dry 
Zfj^"? *™ OCCuns Stowing three to tour percent of routine extractions (Raid, et al.. J. Oral MaxJIIofac. Surg 
23(5). «19, 1985). and its etiology appears to be multifactorial (VVesterhoJm. Gen. Dent.. July-Aug 306 1988) Over 
^eyears. dry socket has then referred to atveotoalgift alveolitis sicca dolorosa, avascular socket localized osteitis 
fftxinojybc atveolitis and local-zed acute alveolar osteomyelitis (Shafer. et al.. A Textbook of Oral Pathology 4th Etf w 
Philadelphia. 1974. p. 60S. 1974; and Bim. Int. J. Orel Surg.. 2. 211 . 1973, . Although rnany chernr> 
^^T^ eVen !T mea8Ures * management have been pursued, none have significantly reduced me incidence of 
*yax*et (&nt 1973. cited above; Field, et aL, 198S. cited above). Amor* such apprcactn* to to 
^°/*y socket, with limited success, are those rjased on systemic adrrinis^^ tSSS 
cited above) or direct placement of powdered sulfadiazine or suttathiazofa into the socket (Elweii. J. Amer. Dent Assoc.. 

_ To date, the known HHOS and thermoreversibie.gBls can bedassified as non-a bsonaaWe matwiate and are 
expected not to absorb through chain dissooaoon in the biological environment Meanwhile, there is a growing interest "~ 
•ndeveloping absorbable sutures and affied surgical devices such as transient implants, which are degraded to btoab- 
sorbabfe sate by-products and leave no residual mass at the surgical site as wen as frequently cited clinical advan- 
tages jShalaby. Chap 3 in Ugh Technology Fibers (M. Lewin 4 J. Preston. Eds.). Dekker. New York. 1985 Shalaby 
1988 crted elsewhere herein. Shalaby Polym. News, 16. 238. 1991; Shalaby. J. A. Biomater.. 3. 73. 1992- Shalaby Bo- - 
medical Polymers: Designed to Degrade Systems. Hanser PubL. New York. 1994; and Shalaby. etal eds. Polymers of 
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Biological & Biomedical Stance, Vol 520, ACS-Symp. Ser.. Amer. Chem. Soc.. Washington, 1993) have jusiifed 
the need for novel absorbable hydrogel formulations. 

Moreover, such systems as those previously descrtoed in the literature, for example, such as by Dunn, et al. (US 
Pat. Na 4.938,703). teach in-situ formations of biodegradable, microporous. solid implants in a living body through 

5 coagulation of a solution of a polymer in an organic solvent such as N-meihyl-2-pyrrolidine. However, the use of sol- 
vents, including those of tow molecular organic ones, facilitates migration of the solution from the application site 
thereby causing damage to living tissue including cell dehydration and necrosis. Ujss of the solvent mass can lead to 
shrinkage of the coagulum and separation from surrounding tissue. 

Furthermore, airentry available drug delivery systems deal with solid implants which can efiot mechanical incorn- 

ro patbility and. hence, patient discomfort. The present invention provides novel, hydrogei-forming copolymers, which in 
contrast to those systems previous described, are absorbable, do not require the use of solvents, and are compliant 
swollen, mechanically compatible gate, which adhere to surrounding tissue. 
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75 



The primary object of the present invention is to provide a rrydrogel-forming, self-sorvating. absorbable polyester 
copolymer capable of selectiva segmental association into a compliant hydrogel mass on contact with an aqueous 
environment. 

Another object of the present invention, is to provide such a copolymer optionally comprising biologically active 
20 agentsAJrugs. 

Yet another object of the present invention, is to provide such a copolymer optionally comprising a low molecular 
weight component 

Another object of the present invention, is to provide such a copolymer capable of the controlled-reiease of biolog- 
ically active agents/tfrugs for modulating cellular events, such as. wound heatfng and tissue regeneration. 
2S A f urther object of the present invention, is to provide such a copolymer capable of the controlled-reiease of biolog- 
ically active agents/drugs tor therapeutic treatment of cfiseases, such as. infection of the oral cavity, dry socket bone, 
skin, vaginal, nail infections or epilepsy. 

A further object of the present invention, is to prosnde such a copolymer capable of the controlfed-release of anaes- 
thetic agentsfcrugs, 

jo A further object of the present invention, is to provide such a copolymer which is capable of being extruded or 
injected into living tissue, or onto the surface thereof, for providing a protective barrier for treating conditions, such as. 
post-surgical adhesion. 

A further object of this invention is to provide such a copolymer tor constituting or constructing a carrier of vaccines, 
living cells, or viable tissue for sustaining biological tunctions both in vitro and in vivo. 
35 a further object of the present invention, is to provide such a copolymer which is capable of actng as a blocking 
agent or sealant for treating defects in conduits. 

Accordingly, the present invention provides hydrogel-forming, self solvating. absorbable polyester copolymers 
capable of selective, segmental association into a compliant hydrogel mass on contact with an aqueous environment. 
In a preferred embodiment of the invention, the copolymer comprises a base component designated "Component A" 
40 nef « in - As used herein, the terms "Component A* and "copolymers) - are interchangeable and refer to the basic struc- 
ture of the copolymers of the invention. Component A camprises a molecular chain having a hydrophilic block, desig- 
nated "Y" herein, and a relatively hydrophobic polyester block, designated Or herein. Hydrophobic block X and 
hydrophilic block Y more preferably comprises a molecular structure having the following formula: X-Y-X or (X-Y)^ and 
branched structures thereof. Most preferably, hydrophobic block X comprises a polyester formed by grafting a glycofide. 
*5 lacWe. e-caprolactorte, p-dioxanone. trimethylene carbonate or combinations thereof, onto the hydroxylic or amino 
groups of a hydnophiic polymer precursor i.e., Y; hydrophilic block Y comprises a pofyoxyethylene. poty(oxyethylene-b- 
oxypropyiene). polypeptide polyalkylene oxamate. a polysaccharide, and derivatives thereof; or a liquid, high molecular 
weight polyether glycol interlinked with an oxalate or succinate functionalities in linear or branched form. 

Component A optionally comprises carboxylic end-groups formed by any known technique in the art such as, for 
j^mple Jh £nd-group swtirrytatio n. This fac flitates fontcaH y bindin g a biologically active agent or dru g to Component A, 



so 



such mat drug release can be modulated. The biofogially active agent or drug is preferably present on Component 
in an insoluble form, such as, (1) a microparticulate dispersion, (2) a surface-deposited coating onto an absorbable 
microporous microparticies, and/or (3) ionically bound mol ecules onto the surfaces of absorbable microporous micro 
particles. — 

55 In another embodiment of the invention. Component A optionally comprises an absorbable carrier associated 
therewith and. designated "Component B* herein. As used herein, the term "associated therewith" refers to any chem- 
ical and/or physical means known in the art for combining components together. The function of Component 8 Is to cary 
the bioJogiaiJy active agent This is preferably desirable tor medications which cad tor an initial drug bu rst and prolonged 
release thereafter and. thus, highly regulated availability of drugs at the biological site. - — 
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In a further embodiment of the invention. Component A, with or without component B and/or the biologically active 
agent optionally comprises a similarly constituted tow molecular weight block copotyester associated therewith. The 
tow molecular weight coptyester preferably is a piasticizer and, more preferably, the ptesfcizer is designated -Compo- 
nent C" herein. 

ft is understood that Component A, with or without the bidigicaJly active agenWdrug and/or conpositions of Com- 
ponents A, B, C, the biologically active agent, and variations thereof, can provide a wide range of properties tor treating 
a host of diseases, including, but not limited to, dental, orthopedic and vascular applications. For example, the copoly- 
mers of the invention can: (1) be eoctruded or injected into living tissue or onto the surface of Irving tissues to provide a 
protective barrier to prevent post-surgical adhesion; (2) act as a Mocking agent or sealant for treatment of defect in con* 
duits such as Wood vessels; (3) facilitate the confrofled-release of a biotogiaJIy active agemTfrug for modulating celular 
events such as wound healing and tissue regeneration or therapeutic treatment of diseaes such as infection of the per- 
iodontium, dry socket bone. skin, vaginal, and nail infections; and (4) facilitate the sustained in vitro or in vivo growth of 
viable cefls and/or riving tissues for the purpose of tissue engineering. 

DETAILED DESCRIPTION Of THE INVENTION 

The term "Hydrophobic Bfock(s)" as used herein, refers to absorbable polyester chain btock(s) or segments) of 
variable length which, is present in an isolated form, will produce practically amorphous (with less than 5 % crystalling) 
or totally amorphous material having a Tg of less than 25*C, and preferably, is a viscous 6qukJ at room temperature. 
r^rophobicbiocKs) X comprises oopolymeric segments of known chemistries in the art such as. those comprised 
from cyclic lactones (e.©.. glyooWe, Mactide, dl-lactide. c-capfotactone, p dioxanone, trimethylene carbonate), poly- 
alkylene oxalate, and the like, as described by Shalaby, 1938. cited elsewhere herein, which disclosure is herein incor- 
porated by reference. More preferably, hydrophobic segments) or btock(s) X comprises lactidtfglyccWe cooolvmer 
with 51 to80%KordMactide). 

The term "Hydrophiiic Blocks)" as used herein, refers to polymeric blocks or segments which, if present in an iso- 
lated form, will be water soluble. Hydrophiiic bfock(s) or segmemfs) Y comprises pofy(oxyethylene). with or without a 
minor component of a higher homotog, such as. poly(oxyp^pylene)-polypeptide t potyalkyiene oxamate (Shalaby et aL. 
1980. cited elsewhere herein, which disclosure is herein incorpor a t e d by reference), a polysaccharide, or derivatives 
thereof. The length of the hydrophiiic block and its weight fractions can be varied to modulate the rate of gel formation 
its modulus, its water content diffusivity of btoactive drug through ft, its adhesiveness to surrounding tissue, and bioab- 
sorbabOity. 

The term "HydrogeT or "Hydrogel Mass" as used herein, refers to materials which have a high tendency for water 
absorption and/or retention, and maintain mechanical integrity through physical crosslinks which are reversible in 
nature. 

The term "Physical Crosslinks" as used herein, refers to a three-dimensional structure which is held together by 
physical quasi or pseudo crosslinks, or ionic bonds, as compared to covalently crosslinked. These physical crosslinks 
facilitate the reversibility of the hydroget This reversfciiity property can be influenced by external factors, such as sol- 
vent or heat 

~— The term "Self Sotvating* as-used herein, refers tu luiiiaj tenia o f chwu w l i iU i in th e ausej t uy u f- od e rnat tmA » s " 
i.e.. solvents, have greater affinity for physical interaction such that the components are capable of forming a virtually 
one phase system. 

The term 'ComplianT as used herein, refers to a material-having a fow modulus and which is easily deformatoie. 

The term "Biologically Active Agent" as used herein broatfy includes any composition or compound of matter which 
when dispensed In the chosen errv'trcrtmont of use produces a predetermined, beneficial and useful result 

The term "Drug* or "Agent" as used herein broadly includes physiologically or pharmacologically activasubstances 
tor producing a localized effect at the administration site or a systemic effect at a site remote from the administration 
site. 

The term "Plasticizer as used herein, refers to an absorbable polyester composition with hydrophrlrc and hydropho- 
bic components similar, or identical to, those of Component A. with the exception of having a higher hydrophilicyhydro 
phobic ratio in Component C than Component A, 

The present invention discloses novel hydrogel-torming, self- solvating, absorbable polyester copolymers, which 
upon hydration r esults in a hydrogel mass. The hydrogei mass is stabilised by pseudo-crosslinks provided by a hydro- 
phobic polyester component such as those comprised from cyclic lactones e.g., gtycotide. Hactide, dHactide, «-capro- 
lactone. p dioxanone. trimethelene carbonate, polyalkylene oxalate, derivatives thereof and the like, covalently linked to 
a hydrophiiic component comprised of blocks, such as those derived from a polyethylene glycol, polypeptide poly- 
alkylene oxamate (US. Pat. Nos. 4.209.607 and 4,226.243. to Shalaby et at. hereby incorporated by reference), or 
polysaccharide and derivatives thereof. The polyester copolymers, with or without mooTfyingao^tiv^urttiemp hydra- 
tion in the biologic environment leading to selective segmental association thereby forming compliant hydrogefs at the 
application site. 
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These copolymers are especially useful tor localized, controlled delivery of biologically active agents/drugs and 
protecting or augmenting damaged, conrpremi&ed, and/or traumatized tissues. More particularly applications erf the 
novel copolymers of the invention include: (a) the treatment of periodontal disease, wherein a tetracycline, or cttorhex- 
rdme-containing hydrogd-forrn*- i s injected in the periodontal pocket to term an adhesive gel or semisolid mass in the 
pocket fey the controlled release of such anti^ 
of me drug, the polymer will comrner^ 

prevention and treatment of dry socket with formulations similar to those of Component A: (c) providing a hydrogel jbar- 
ner with or without non-steroidal antr-fnflammatory drugs on traumatized tissue to prevent post-surgical adhesion (d) 
applications as an antimicrobial hydrogel tor the treatment of vaginal infections; (e) treatment of bone diseases such as 
osteomyelitis, with injectable formulations comprising antibiotics including gerxtwricin and vancomycin; (t) accelerating 
tissue regenerating in compromised son and hard tissue, e.g., fractured bone, ulcers, burns, by errptoyingfomuiiattons 
compnsing growth promoters, such as growth factors or their oligomeric analogs; and. (g) treatment of diseases such 
as psoriasis and infected nails using ferrmdsttons comprising amimierobiaJ agents. Other applications of the hydrogel- 
forming copolymers of the invention indude (a) blood vessel sealant (b) vascular blocking agent, (c) carrier for ir*ecta 
is We anti-inflammatory formulations in the treatment of joint diseases; and (d) active carrier of viable eefls or living tissue. 
The copolymers of the invention comprise a primary or base component designated ^Component A" herein Com- 
ponent A comprises molecular chains having a hydrophilic block, designated "Y" herein, and a relatively hydrophobic 
polyester block, designated "X7 herein. The molecular structure of hydrophobic block X and hydrophilic block Y prefer- 
ably comprises one of th e following formulas: X-Y-X or (X-Y) n , and branched structures thereof. More preferably, hydro- 
20 P**** 0 biock x comprises a polyester formed by grafting a glycoside, lactide, e-caproiactone. p^dioxanone, trimetbylene 
carbonate or combinations thereof, onto the hydroxy! ic or amino-end groups of a hydrophilic polymer precursor i.e., Y. 
Hydrophilic Wock Y preferably comprises a polyuxyethylene, poly(oxyethylene^-oxypropylBne). polypeptide. poV 
alkylene oxamate, a polysaccharide, or derivatives thereof, or a liquid, high molecular werght pofyether glycol interlinked 
with oxalate or succinate functionalities in linear or branched form. 
& In a preferred embodiment Component A comprises a polyethylene glycol having a molecular weight of about 400 
Daltons which is pm-intertinked with succinate or oxalate bridges to increase the length of the hydrophiiic block and, 
thus, the molecular weight of A without favoring its crystallization. That is. the hydrophilic prepofymer T having hydrox- 
ys end-groups, is end-grafted with a mature 60/40 dl-lactide/giycolide to produce a block copolymer having a 
hydrophilic block fraction "V of about 0.25. To render Component A more receptive to basic drugs, its end-groups can 
30 optionally be carboxylated. tor instance, by their acyJatton with succinic anhydride Component A, with or without a bio- 
logically active agent is introduced to a biological target site using conventional means and, thereafter, undergoes 
seiective-segmental segregation to form a flexible, compliant reversible gel which adheres to the surrounding tissues 
and acquires the configuration of the site. Component A of the invention more preferably comprises an inherent viscos- 
ity at 25°C in chloroform ranging between 0,03 to 0.80 dUg and can be present as a liquid at room terrperature or prac- 
tically amorphous material (with less than 5 % crystalUntty) with a Tg of less than 25°C. which can be extruded through 

—a de or administered through a syringe neetfe, 

^Component A comprises copolymers chains with seif-solvating components (analogous to phase mixing of two 
component miscfcle blends) to allow its existence as a viscous, extrudabie material at room temperature, and its trans- 
■■■■ frTrmitinrt tn a ftarMn razor*;** hyrtmgoi .«t™ aHm^w;^ ^ K ^rflf Tftr ^"trrt nrfma 1^*rrwg|Y 
40 10 accent tissues and acquire the shape of the site. The present copolymers are mechanically compatible in highly 
sensitive sites, as well as, can mediate external mechanical stresses or shocks. As such, the copolymers of the invert- 
— tion can be applied easily without incorporating a major extrinsic water-soluble, potentially cytotoxic organic solvent in 
order to facilitate upon administration in-situ coagulation to a solid mass. 

Component A, wither without a non-steroidal anti-inflammatory drug (NSAID) or active polypeptide, can be used 
46 as a protective barrier, a blocking agent of vascular defects caused by needle puncturing, a sealant of damaged sur. 
faces for preventing post-surgical adhesion or as a carrier of immunostirnularrts or viable eels. Component A, mixed 
• ™ antimicrobial agent-drug, can be injected or applied topically with a suitable known applicator tor the treatment 
of bone, cartilage, nail. sWn. and vaginal infections. 

In another embodiment of the invention. Component A optionally includes a biologically active agentfcrug, such as. 
S. ^microbial agent anesthetic agent antibiotic, and/or a peptide or protein, tor regulating celular events! The bio^ 



35 



logically active agenttirug can comprise by way of illustration, antifungal agents, antibacterial agents, antibiotics, anti 
inflammatory agents, immunosuppressrve agents. irrvTwostimuJaiory agents, dental densitizers, odor masking agents, 
immune reagents, anesthetics, antiseptics, nutritional agents, antioxidants, r*xxxxysaccharfde conpiextng agents, per- 
oxides, tissue growth factors, a mixture of any of the foregoing," and the toe. The agenc/drug can be deposited, wholly 
55 or in part, on Component A. with or without caibaxy*termtnated ends. In an alternative embodiment the biologically 
active agent/drug can be deposited, wholly or in part, on a solid carrier, designated 'Component B" herein. Component 
B preferably is an absorbable, powder prior to mixing with Component A and. more preferably, Component B is an 
absorbable, miaoporous low molecular weight polyester which is highly crystalline and practically insoluble in Compo- 
nent A. 
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m.t JTJTlS^IIr 6 " 06 f 0 * 8 "*"*' tomniiations in the an and the nov«) copolymers of the invention is 
Sfi r^ Cop ^ me ^ do not ,nciud Q tf, e use of organic solvents. Such scents can comp^nise the Myu^ 

StL??* !^ inma 0350 0,3 po,yester ■» a ^ **vent such as N^etnyi-pyrrclidine. can caSSS 
<^™thepreeer*ert^ 

stents such as prcpylenegiycol (wh.ch degrades the polyester cham trough alcohols), or Methylene carbonate 
(which can copolymers witfi the polyester chain). Moreover, should «ie prior art formulations be radiation sterilized 
^r*Z e !L? fT 1 ^ t88d to *««*ion <* chemical specie oog.nating from the solvent as well as * 
I^T"' jngrediert< deserted in the prior art can compromise the 

purity and efficacy of both the drug (opfjonaf) and polymer wrnch can. in turn, be associated with unsafe use 

Another feature of the novel copolymers of the invention, is that when administered to a biological site the copoty- 
mers dorwt expenence discernible reduction m organic mass, as is the case of prior art corrpos^whieh coaSate 

!^2^ 8 Sr^° rta ^ Wta ^ ecomponent Leachin9 <** ™jor water-soluble cedents can oeasso- 
catedwith shrinkage and separation from the surrounding tissue and. in some instances, uncontrolled formation of 
^^^^^^f 8 *° v****™ 1 * °* i""**™ are comprised of copolymer* chains, the copolymers can 
be easily tadored to modulate rts viscosity without the intervention of a new chemical species, such as, anomanic 



* ftir * ef o* novel copolymers of the invention, is (hat since the copolymers are comprised of serf-sol- 
vatmg molecules, its conversion to a hydrogei about a drug provides a uniform distribution of the therapeutic agent and 
«us. more reproduce release profile, in contrast with prior art systems where complex physical events prevail due to 
the presence of teachable solvents. »m 

The following Examples are provided to further illustrative the present invention, and should not be construed as 
limitations thereof: 

EXAMPLE I PREPARATION OF COMPONENT "A" 

1 Preparation of 79/21 (by weight) Biock Copolymer of 60/40 o>UrideA3lyoolide and Polyethylene Glycol 400 

0 oiJ/S^^fr^ 0 ^ de fl ed ;" am&dried - dry with polyethylene glycol (MW - 400; 5g. 

, 3Ct f 6 02 9 ' 0083 ^ 9lyeo,ide (6 4 »• 0056 ^ stenn0U8 «talyst (0.4 M in toluene- 

k mmo e) ' ^ 3 ma 9 n «« stiver under nitrogen condition The reactor was placed in an oil bath and 

heated to 1 70»C under a positive nitrogen pressure for 16 hours. The flask was removed and stored open in a vacuum 
oven. The inherent viscosity (IV) of the composition was determined using a SO eapilary viscometer (OstwakJ type) at 
aconcemradonofO l g/IOOmL in chloroform. In a constant temperature oath set at 30X. the IV was determined to be 
. J^f 9 ; 990 0iWer8ntfal Scanning Calorimeter (DSC) was used to determine glass transition ny of the 

materral. Approximately 4 mg of the sample was heated at 10°C/min from -50*C in a nitrogen enviroment. T g *-4VC. 

« il^o^XZ* 8l0CK Ccpdymer " 60/40 ^ PoWene ^ ™ *«- 

^JHHTO?™!? 1 ** 0 * (MW = 400: 4 - 1 * 0 01 mo,e) ' dmett * 9. 0 025 mole), and stannous octoate cat- 

1 ^ 0 035 *^ mixed * a dry glass reactor containing a magnetic stirrer and 

■ . y° a n * trogen «mosp"«retor4 hours, a vacuum of toss than 0.1 mm Hg was applied to remove the 
S^Sf f «hanol) and excess dimethyl oxalate. The reactor was then cooled to approximately S0*C and PEG 
IT " r : . 9 ' ° 021 mota) wa8 adrfed - 7718 "mc^ *•»■ "eeted to 150°C for 3 hours before applying vacuum 
and cooimg to room temperature. dMacWe (13.3 g. 0.093 mole), glycotide (7.2 g. 0.062 mole) were added under dry 
condrtions to the reactor. The flask was heated to 150°C under a positive nitrogen pressure for 12 hours. Next, the tern 
Peraiure was increased to 1 70-C far 3.5 hours and vacuum was applied for 2 hours as the flask cooled to room temper- 
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_ > ature . The polym er was isolated and store d unde r vacuum. 
IVinCRC£To7l1dlVg " 



with 6 (Se^uSSir7 ,flh,) ^ C0p ° ,ymer ^ 60/40 <*-L*Ws>Qycot** and Poryethylene Glycol 400 Interlinked 

. J^f^l*?* ^ (MW = 400; 2 0 9 - 0 005 mol «»). o««thyt oxalate (1.77 g. 0.015 mote), and stannous octoate 
( ^2°i M 90 5 " L O- 036 ^« mixed in a glass reactor containing a magnetic stirrer and heated 
to 140 C under a rotrogen rtrnosphere for z rio^ 

densate (methanol) and excess tfmethyl oxalate. The reactor was then cooled to approximately S0*C and PEG (MW = 
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400; 4,2 g. 0.01 1 mole) was added The reaciants were heatedtoiss»c#nr i hftur..^^^^ 
ing f» temperature toi6CTCfor2 howEEKSSK ™£ 

£52, Pr ^!l^ 0m8r A W88 35 ^ «"* » roam te^n^Te 

a vJ£'X?L^ P«**P«* index (PDI) of the materia, was determined using 

l^Trft arwnal °B r8 P»y < QPC > «Pparatu& The instrument consisted of a 600E control Module and 

Solvent Dehvery System, a U8K injector, three SyrageJ HT linear columns in series, a 401 Differential Refraaometer 

molecular weight standards were used to calibrate the system. MW W : 5723: PDI: 2.42 1 

4. Preparation of 68/32 (by weight) Stock Copolymer of 60M0 dt-Lactide/GI cofide and Polyethylene Glycol 400 

«^2 l ^ , t!L SlyC0,(MW = 400; 15 9.00375mola>.dWactide(2l g. 0.746 mole), glycolide (11.3 g. 0.097 mole) 
and stonous octoate catalyst (0.2N! in toluene; 243 »L 0.049 mmo(e) were added under dry conditions to a tfass fac- 
tor cona^ng a magnetic stirrer. The reactor was placed in an oil bath and heated to 1 50°C under a posriive nitrooen 
pressure tor 1 hour, then to 1 60°C for 6 hours. The flask was cooled under a vacuum of less than o. 1 mmHg and placed 

<w in a vacuum ovon. 
MW W : 1670: POI: 1.46 

5. Preparatory 68/32 (by wejght) Block Copolymer of 60/40 dl-UctideOycolide and Polyethylene Glycol 400 inter- 
linked wrth Oxalate Functionality 

rn * ™^ ene *«it(" Ws4 <» 160 9. 0.4mole), dimethyf oxalate (47.2 g. 0.4 mole) and stannous octoate catafyst 
(0.2 M m toluene; 200 uU 0.04 mmole) were mixed under a dry nitrogen environment and heated to 1S0*C for 1 hour 
The temperature was .ncreased to 160°C for 2 hours before applying a vacuum of l mm Hg and allowing to cool to 
ap^wmatelySO'C. Then. 5 g of PEG 400 were added and the reaction was continued at 160'C for 0.5 hours Finally 
_i„l^' n ^ PEG wefe "wd withcS lactide (21 g. 0.146 mole), glycolide (i 1.3 g. 0.097 mole), and stannous' 
octoate catalyst (0.2 M in toluene: 243 uU 0.049 mmole) were added under dry conditions to a glass reactor containing 
a magnetic stirrer. The reactor was heated to 1S0*C under a positive nitrogen pressure tor 1 hour, then to 160*0 for 6 
hours. The flask was cooled under a vacuum of less than 0.1 mm Hg and stored in a vacuum even 
MW„: 4713; PDI: 2.41 

6. Preparation of 73/27 (by weight) Block Copolymer of 60/40 4-Uc*deA3tycolide and Polyethylene Glycol 400 

Polyethylene glycol (MW 400; 12.5 g). dWactide (22.5 g. 0.156 mole), glycolide (12.1 g. 0.104 mole), and stannous 
wtoate catalyst (0.2 M in toluene. 260 uL. 0.052 mmole) were added to a dry glass reactor containing a magnetic stir- 
rer. The reactor was heated to 150-C under a positive nitrogen pressure for 18 hour*. The flask was cooled under a 
vacuum of less than 0.1 mm Hg lor 0.5 hours and stored in a vacuum even. 
MW„:2172: PDI: 1.53 

?• Zl! P ^ n * 73/27 wei9ht) Bto£ * Copolymer C 60/40 d-LacMeOycolide and Poryethytene Glycol 400 Inter- 
taiked wftfi Oxalate Functionalities 

InterEnked PEG (12.5 g. described in Example 5). dl-tactide (22.5 g. 0.156 mole), gfycofide (12. i g. 0 104 mole) 
and stannous octoate catalyst (0.2 M in toluene; 260 uL. 0.052 mmole) were added to a dry glass reactor containing a 
magnetic stirrer. The reactor was heated to 150°C under a positive nitrogen pressure for 18 hours. The flask was cooled 
under a vacuum of less than 0.1 mm Hg tor 0.5 hours and stored in a vacuum oven 

MW W : 5723; PDI: 2.41 - — — — — •— - 
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8 .^G|^onof6ara2 (by weigm)J3tock Copolymer of 60/40 dl-LactideA3lycolide and Polyethylene Glycol 400 Inter, 
linked with OxaJateTTirct'onalities - ~— ~ «- - - — 

Interlinked PEG (15 o. described in Example 5). oMacfcte (21 g. 0.146 mole), glycolide (1 1.3 g. 0.097 mole) and 
stannous octoate catafyst (0.2 M in toluene; 243 uL 0.049 mmole) were added to a dry glass reactor containing a mag- 
netic stirrer. The reactor was heated to 1 5VC under a positrve nitrogen pressure for 3 hours and then for 3 hounj. 
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MW ,ta 3S^^^ Und ' f 3 VaCUUm - ,eS * "" n 0,1 mmM9tor 0 5 ** ^ in a vacuum wen. 

EXAMPLE U PREPARATION OF COMPONENT "B" 

1 . Preparation of Poiygrycofide (PG) Drug Carrier 

^^^f, 0 ; 46 9- 0 006 8'y«*te (34.8 A, 0.30 mole), and stannous octoate catalyst (0.* M in toluene 
t»|iUa06rrifnda) ware mixed in adryf^ The 
reactants were skwry heated to 170-C (approx. 20 min.) under agitation At this time, the reactants formed an opaque 
mixture and the temperature was increased again to 200*C. When the temperature reached 176«C. the material was 
Iranslteerri and the viscosity was very high. The flask was then removed from heat and quenched with Cqud nitrogen 
tor about 2 minutes. The glassware was broken and removed and the reactants were dropped in the liquid nitrogen to 
terminate the reaction completely. The resulting PG solid was dried in a vacuum oven at 35*C overnight UsingaWlley 
mil wrth a 60 mesh sieve, the PG was ground to a fine pow^ter. The entrapped monomer was Extracted using anhydrfds 
acetone at 3S"C resulting in porous panicles of PG. 

2. Addition of Chiorhexidine Oiacetate to PG Carrier 

^jy ieddine daCBtate < 8 - 7 B) was cSssolved in approximately 500 mL of isopropyl alcohol in a roto^vaporator at 
-! e*"?* 1 G p0Mler (256 9) (Exam P (e «Wed to the solution and the mixture was agitated for 6 

hours under a slight vacuum. The temperature was increased to 40°C and a stronger vacuum was applied to distil 2- 
propanol and acetic acid. When an of the 2-propanol had displaced, the temperature was decreased to 35«C and the 
agitation was continued for another 2 hours. The resulting white powder was scraped from the containing ftask and 
placed m a vacuum oven at 35*C overnight The powder was then mixed with mineral oil (i :2) and treated in a 3-roH mill 
for about 5 mm. The oO was removed using heptane and the dry particles were shown to have an average diameter of 
16 micron. 

3. Preparation of Drug Carrier B-PdyylycoWe 

Same as in Example 11-1 , except using the following polymerization charge and scheme: 



35 



40 



Charge: 


Glycofide 


34.8 g (0.3 mole) 




Qycolicacid 


ZJZQ g (0.03 mole) 




Stannous octoate 


0.06 mmole 



Scheme. The polymerization charge was heated to 160°C and maintained at that temperature with stirring for IS min- 
wSy^rnTa" ^ crystallized. The product was coded, isolated, broken into small pieces, and ground using a 

The ground polymer was mixed with about 2 parts mineral oil and rol-mifled to achieve the desired particle size 
(about 5«r»n). The panicles were isolated from the mineral oil as described in Example 10 and were shown to have an 
average diameter of 50 micron. The rnicronized polymer was then extracted with 2-propanol as described in Example 

1 . J„ % ? 9ht indiC8tKl a 7 % weioht Titration <* *• access** carboxylic group of the particle reflects a 

value of 0.3 mrnote/g. 

4. Loading Carrier B with CNorhexidme 



— so 



On* gram of Carrier B from Example 11-3 was stirred with deronized water for 20 min.. filtered, and air dried. Solid 
B particles were mixed with 1 50 mg of chiorhexidine diacetate in 80% aqueous acetone at 25*C for 1 hour and 40*C for 

,J?^^* *** wt0red - Analysis of the filtrate (using. UV spectroprxnometry) indicates that 8 0%ofthedru g is 
retained by the carrier. — ^ - 
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EXAMPLE 111 PREPARATION OF COMPONENT 



TO 



*5 



1 . Preparation of 14/86 {by weight) of Block Copolymer of 60/40 dl-Uctide^ycoWe and Polyethylene 400 

Polygene glycol (MW = 400; 20 a 0.05 mole), dMac&te (2.12 g, 0.015 mole), glyeolfce (l 14 a 0 010 mow 
and^ousoctoatoc^yw^Mintoluer^ 

MW^JroTi^^^^ ^sy^vras cooled and stored in a vacuum oven. 

^JS? ^^.^^ cfimethyl 0X3(3,6 (as described in Example 5) prior to the addition of dHactide and 

^^nTI^^ 16000 ^ 4 ^ ^ ft. reactants heat ar* appryingTvLum 

Of less than 0.1 mm Hg as the material coded to room temperature. The polymer was .sofated and ^Lhr vac 

EXAMPLE IV PREPARATION OF CHLORHEMDINE (CHX) DELIVERY SYSTEM 
Example 1 : Preparation of Drug Delivery System (1 .0:0.09:0.31 0.01 . A:B:C CHX by weight) 

A fFramntolMn ^Tvi* - ^ 0"^** rn P'e MP srtd Component B (0.40 g-ExampJe Hf21) were added to 4.3 g of Component 
d«S£ «^ Wefe mU<ed 31 **** •TO**'" (approximately 40'C) to obtain a uniform 

l^^^^^T (0 ; M 8) was added to the mixture to make a final composition consisting of 70.5% A 6 5 
%R22%C.andl%drug. ['Based on the weight of diacetate salt]. 

Example 2: Preparation of Drug Delivery System (1.0:0.1:0.25:0.01 A:8:C.CHX by weight) 

a .J^^T^t °il* 67 g - Exam P ,e '"M Component B (0.51 g-Example lipD were added to 4.77 g of Component 
fJSfff' PD mwedtooWain a "hiferrn distribution. Chiorhexldme (0.05 g) was mixed into the system tomake 
"P the foUowmgampoeit™ by weighty 

EXAMPLE V DRUG RELEASE FORMULATION 

Samples of drug carrier (Component B) were loaded with cttorhexidine as described in Example ll[4] were mixed 
rl'j^7 er 2T!? erTt Ahom Examples I W and [5]. Another set of tormutatfons were made of drug-bearing 6. 
gel-former A, and plastctzer C (Example lll[1D. All formulations were roll-milled tar 1 to 3 minutes, transferred to a 
synnge. and into a2i gauge needle. The formulations were then injected into water tor subjective comparative assess- 
TZHal I W .2!!f5 f tormatlon teaure mechanical integrity. A rating of 1 to 5 was adapted for this evaluation with 
7 oeing tne tastect. A summary of these formulation compositions and ratings is provided in Table 1 . 
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Cornposiliun and Gel-Formation of Drug Delivery Formulations 



D Number 


Source of A 


Source of B 


Source of C 


Gel-Formation 




Ex.4.% 


Ex. 5.% 


Ex 12.% 


Ex. 13. % 


Rating 


17-1 




40 


20 


0 


4 


17-2 


30 


55 


15 


0 


4 


17-3 


30 


40 


30 


0 


5 


17-4 


40 


30 


30 


0 


3 


17-5 


45 


25 


30 


0 


3 


17-6 


40 


20 


40 


0 


3 


17-7 


0 


50 


30 


20 


1 


17-8 


30 


40 


20 


10 


2 



25 



»Jt!?^!*^ EWnp,e8 deSCribed herein are ^ Purposes of illustration only and. not limitation, and that 

mod toton and/or changes that may suggeet themselves to one sWIeo in the art are intended to be included 
within the spirit of this application and the scope of the appended claims. 



EXAMPLE VI 

PREPARATION OF INTERFERON/ACtCLOVIR DELIVERY SYSTEM 

so General procedure 

Liquid Polymers X,Y and 2 were mixed at a ratio of 61 .9% X 19. 1% Y and 1 9.0% 2. The composition of these pol- 
ymers are as follow: Polyethylene glycol 400-60/40 dMacbde-glycoiido segments (weight raw). 

35 



X 


Y 


2 


80/20 


70/30 


15/85 



40 



SO 



SJil^^ ***** composition was mechanically mixed with interferon to produce a composition 

that contains 50.000 U/ml liquid polymer *^ 

2? Ji : ^ 7^!* Step 1 (3 ' 6 9) was k^ 80 < 1 - 4 9)S (a polyglycolide that is acid terminated} previously 
treated with alcohol/water solution comprising 668.3 mg of acrdovir sodium and then dried under vacuum 

Step 3: Trie procedure of step 2 was repeated with 77,6mg acyclovir sodium. 



Claims 

55 1 



^SS^^T 9, ^'^rtng absorbable polyester copolymer capable of selective, segmental association into 
accmpbamrr/drogelrr^ v 

to r Sjnii^ ol^y 1 ' * hCr * 1 co^nses a hydrophobic polyester Wock X covaJently bonded 
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3. TTie copolymer oj any onsrtdains lor 2. ^^z^oc^mer^c^oxi^nrinBt^^ 

4. The copotymer of any one of claims 1 to 3. wherein sab blocks X and Y are covatenfly bonded tocrfhur in 
a^ngement^ectedfrom^groop consist^ of X-Y-X. (X-Y),, and branched SuStSrS 

5 " ^ 0,19 01 ^ 1 10 *• Wwe,n ^ bi «* Y prises than 50% of the mass 

6 " °* a "L° ne * dairT,S 1 to 51 e ' n Wrap™' ««* Y comprises oxyethyfene or a combina- 

tion of eocyethylene and oxyp/opyiene sequences. ' 

« & The copolymer of any one of daims 1 to 7. wherein said hydropic block i 5 derived from ring operurtg polymeri- 
zation of lactones or step-growth formation of alkyleno oxalates. •aopw.ngpoiymefi 

9. The copolymer ot any one of claims l to 8. where<n said hydroge) mass * reversible into a liquid. 

20 10. The copolymer of any one of claims 1 to 9. wherein said copolymer is extrudabie. 

11. The copolymer of claim 10. wherein said extrudable copolymer is a liquid which can be injected into a biological 

copolymer wrth a lower molecular weight component. 
13. The copolymer of claim 12. wherein said lower molecular weight component is a plasticizer. 

X ^' Hl^S^^" 1 U Whefein p,astid2W said polymer wherein the hydrophilic block Y to 

hydrophobic block X ratio is greater than 1 . 

15. A composition compnEing: 

33 -.J* 9 BXXty 1 "* of any one of claims 1 to 14; and 

a biologically active agent or mixture of biologically active agents associated with said copolymer. 

16. The composition of claim 15. wherein said agents are therapeutic agents. 

40 1T - composrticn of claims 1 5 or 1 6. wheren said agent or mixture of agents is bonded to said copolymer. 

18. The«xipc«itto of any one of claims 15 to 17, wherein said agent or mixture of agents is at least partially depos- 
ited on an absorbable, rnicropartjculate solid carrier. 

<* 19- ^ccmposifionrjtajvoTOof^^ 
copolymer via said carrier 

20. The conpositjon of claims 18 or 19. wherein the carrier is a microporous carrier. 
50 c ^^° Siti0n ° <any0neof daims 18 10 »■ v*"*™ a to* molecular weight component is associated with said 

— T^52fTPOsracn of daim 2 1 . wherein said tow molecular weight component is a plasticizer. 

« 23. The composition of claim 22. wherein said plasticizer comprises said polymer wherein the hydrophifc block Y to 
nyo/opnoojc block X ratio is greater than 1 

24. Apharrnaceutical formulation comprising a copolymer according to any one of claims 1 to 14 or a rorrposriion 
according to any one of claims 15 to 23 and a phe/ritaceutically aweptable carrier. 
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^ cartel f ° rmU,ali0r1 comprisir * P^maceutical fornutafen ol claim 24 and a pharmaoeri^ acceptable 

accoKlingtoaivooeof<tonTsi toi4oraoorn^ m 
27. The biomedical barrier of daim 26, wherein said barrier is a sterilized barrier. 

^ertedfrom cutaneous, transcutaneous, intracutaneous andfor percutaneous diseases and infections; vascular 
oph ™^ °rtxx>*Sc or abdominal sites; post-surgical adhesion; defects in conduits such as Wood vessel 
S°J^^ tissues, induding burns and skin wounds, compromised wounds, such as ulcers and 

. l ~ wenemon and diseases of the periodontium, dry socket; and bone, skin, mucus mem- 
brane infections, mduding those of the vaginal type, and epilepsy. 

29. ^ptwrmaceuticaJ of claim 24 or the biomedical barrier of daim 26 or daim 27 formulated as an anaesthetic 
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